Abstract: Polystyrene (PS) thin film with various concentration of mass (1%, 3%, and 5%) 
INTRODUCTION
A biosensor is an analytical instrument which utilizes biomolecule to detect certain chemical substance through physical-chemical transduction (Makhneva, Manakhov, Skládal, & Zajíčková, 2016; Manclús et al., 2014) . The elements of this transduction can take the form of the optical, electrochemical, calorimetric, magnetic, or mass-sensitive (piezoelectric) transducer. According to the types of biological elements used, the biosensor can be categorized into two groups: catalyst and affinity biosensor (Connie, Lauren, & Wen, 2019; Dong, Jin, & Zhao, 2018) .
QCM is a piezoelectric affinity biosensor type which is based on the coupling between the introduction of immobilized biomolecule and piezoelectric effect. The underlying theory that implies QCM as the mass-sensitive sensor is the Sauerbraten equation (Didik, Rahmawati, Robiandi, Rahayu, & Santjojo, 2014; Karczmarczyk, Haupt, & Feller, 2017; Makhneva et al., 2016; Manclús et al., 2014 
Where Δm is the mass change on the surface of the sensor, f0is the threshold frequency of QCM, A refers to the area of the electrode surface, is the crystal density of QCM (2,648 g/cm 3 ), and is modulus shear (2,947 x 10 -11 g/cm 2 s 2 ) of QCM sensor.
The frequency of QCM resonance alteration due to the change of mechanical characteristics of the material is linked to the dissipation of acoustic energy and the transmission of the acoustic wave inside the material (Masruroh et al., 2014; Sakti, Masruroh, Sabarudin, Santjojo, &Khusnah, 2018) . When resonance takes place, QCM oscillator can be assumed to be in an electrical circuit frequently called Butterworth-van Dyke (BVD) model. QCM boasts a high level of accuracy since it has the sensitivity of oscillation frequency on certain temperature, humidity, pressure, velocity, and vibration (Manclús et al., 2014; Wang et al., 2016) . The oscillation frequency of QCM depends on its physical size and the thickness of the crystal.
If the surface of the QCM sensor used to immobilize protein is not flat, even tends to be rough, it might be predicted that more biomolecules are attached to the sensor surface. In this case, the size of the QCM surface does not alter, yet will improve the mass value per size of QCM area. This rough surface will yield more immense mass change if compared to flat biosensor surface (Dultsev & Nekrasov, 2018; Karczmarczyk et al., 2017; Masruroh et al., 2014; Park & Lee, 2018) .
The thickness of monolayered protein due to absorption is relatively smaller in comparison to the length of acoustic wave triggered by the sensor (Sakti et al., 2018; Yang, Li, Chen, & Mercadé-prieto, 2017) . Since the formed layer is really thin, while the threshold frequency is really high, the antigen/antibody can be assumed to form a thin layer. Consequently, the viscosity effect is extremely small that it can be ignored. Therefore, Saurberey equation can be used.
METHOD Sample Preparation
PS was dissolved at a concentration level of 1%, 3% and 5% using Chloroform solvent. The PS liquid was then dispositioned using spin coating method (Rotation speed of 3000 rpm in 60 sec) above QCM surface (Threshold frequency 10 MHz) whose initial frequency was once measured using Impedance Analyzer type Bode 100 (f0). The QCM frequency, after layered by polystyrene, was re-measured (f1) to find out the frequency alteration (Δf).
Determining the Thickness of Layer Using Modified Sauerbrey Equation
The calculation of PS layer thickness used modified Sauerbrey equation (Didik et al., 2014) .
The calculation of thickness above was under an assumption that PS layered above QCM surface was during rigid body phase and had small porosity.
Characterizing the Morphology of QCM/PS Layer
The characterizing of layer utilized non-contact Topography Measurement System type TMS-1200 to obtain the data of layer morphology and surface roughness.
Immobilizing Bovine Serum Albumin (BSA).
PBS (Phosphate Buffer Saline) and BSA (Bovine Serum Albumin) were obtained from Sigma Aldrich. PBS 70 μl as a buffered solvent was deposited onto QCM surface within cell construction. After the reading of frequency at frequency counter had been stable, BSA was deposited at a concentration level of 600 mg/l of 30 μl. Figure 2 Shows the frequency change resulted from the immobilization was measured from stable frequency after PBS was deposited up to the one after BSA was deposited. The stable criterion, in this case, was when the QCM frequency was within the range of ± 3 Hz during the duration of ± 200 seconds (Masruroh et al., 2015) . 
RESULTS AND DISCUSSION
The measurement of QCM frequency resonance after layered by PS at various level of concentration using Impedance Analyzer is shown in Figure 3 .
The resulted Polystyrene film is within a rigid body parameter based on data impedance by impedance analyzers illustrated in Figure 3 . The peak of the impedance is still measurable hence the value of QCM frequency resonance can be determined.
The graph peak shows an occurrence of resonance. Based on a circuit parallel to BVD, the relationship between frequency and impedance can be determined (Chen et al., 2015; Piñón-Pazos et al., 2014) Hence the value of QCM resonance frequency can be determined through the following equation,
The impedance-frequency graph will sharply go down due to the minimum impedance value. The QCM resonance frequency is then determined in this situation. The next curve goes up and will go sharply when the value of |XL-XC| ≠ 0. In this condition, the impedance reaches a maximum value (Piñón-Pazos et al., 2014) . (2) (3) The increase of mass at the QCM surface brings about the increase of inductance value. As a result, the value of frequency resonance will decrease since the frequency is in reverse with the inductance (Sakti et al., 2018) . This is shown by the move of the minimum peak toward the left direction in the frequencyimpedance graph. The difference between QCM resonance frequency before and after layering shows frequency changes (Δf). Using Saurbrey equation, the layer thickness can be determined as shown in table 1. The profile of the PS layer surface characterized using TMS 1200 is shown in figure 4 . The peak-to-peak distance between the shortest graphs is at a concentration of 1 % and the longest one is at a concentration of 5%. This shows that the smallest thickness is at a concentration of 1 % and the biggest one is at a concentration of 5%. 
(c) Figure 5 shows the measurement results of surface toughness using TMS-1200. The surface roughness of the polystyrene surface layer with each concentration 1%, 2%, and 3% is 248, 33 nm; 207, 99 nm and 246, 30 nm. The level of surface roughness at a concentration of 1 % is at almost the same value as that of a concentration of 5 %. In the case of PS concentration of 1%, the liquid yielded is quite diluted. As a consequence, when the layering uses spin coating method, the centrifugal force can lure the PS layer to become more expanded therefore the yielded layer is thinner and the level of toughness is determined by the size of the surface peak (Didik et al., 2014) .
Whereas at a concentration of 5%, vast viscosity will bring about the layer to be hardly pulled and expanded by centrifugal force resulted from spin coater. Consequently, the formed layer is thicker and layer toughness is determined by the height of layer surface peak (Park & Lee, 2018; Speller, Siraj, Vaughan, Speller, & Warner, 2017) .
The smallest surface toughness occurs when the biggest layer concentration is 3%. In numerous applications, the sensor surface is made flat to avoid damping effect (Deniz & Deligöz, 2019; Masruroh et al., 2014; Sakti et al., 2018) . Therefore, the optimum concentration parameter for PS layer above the QCM surface should be 3%. The result of BSA immobilization above QCM/PS surface shown by Figure  6 . It is shown that with smaller surface roughness, PS layer with a concentration of 3% yields smaller frequency changes when compared to the polystyrene layer with a concentration of 1% and 5%. PS layer with 3% concentration has a smaller surface roughness ( Figure 5 ) caused by the effect of saturation PS deposited by a spin coating method, therefore PS layer with 3 % concentration immobilize lower BSA. BSA immobilize is trapping system immobilization (Masruroh et al., 2015; Speller et al., 2017) . Because of smaller surface roughness, QCM/PS with 3% concentration has a smaller space for trapping BSA.
CONCLUSION
Various concentration of PS layered above the QCM surface will bring about different layer thicknesses. The higher the PS concentration, the thicker the layers yielded are. Flatter layer is produced when the concentration of the layered PS is 3 %. However, the most notable frequency change due to BSA immobilization is when the PS concentration is of 1% and 5 %. This is due to the fact that the level of layer surface toughness with PS
